Abstract --
INTRODUCTION
The 5G is going on and expected to be initiated by 2020 to provide extremely high data rate for multimedia applications and internet of things (IoT) . The 5G system requires bigger system capacity, wider bandwidth, and higher frequency (Chen et al., 2017) .
There are two main directions of the development for 5G technologies: millimeter wave (mm) and MIMO . The MIMO with a large number of base station antennas on the transmitting and receiving ends can maximize the channel capacity for delivering high data .
As the mobile industry looks toward scaling up into the millimeter-wave spectrum, carriers are likely to use the 28, 38, and 73 GHz bands that will become available for future technologies (Yoon and Seo, 2017) .
The Federal Communications Commission of the U.S. has recently (July 2016) designated the frequency band from 27.5 to 28.35 GHz for 5G applications (Lin et al., 2017) . In 5G requirements, the antenna should at least have a gain of 12 dBi and bandwidth of more than 1 GHz (Saada et al., 2017) .
One type of antenna that can be used to increase the channel capacity of MIMO is a microstrip antenna (Wesołowski, 2010) .
Microstrip planar antennas are popularly used because it has many benefits such as low cost, low profile, ease fabrication, and compact (Rahayu et al., 2018a ) (Rahayu and Pohan, 2018) In this paper, 28 GHz MIMO antenna with four elements was designed and analyzed. The proposed antenna dimension 16x14mm, printed on RT Duroid 5880. Our previous work on dual band 28/38 GHz MIMO antenna for 5G application has been published (Rahayu et al., 2018b) . This paper is part of our antenna research projects.
The structure of this paper as follows: section 1 presents the introduction and the motivation of the research. Then, it is followed by section 2 where the design methodology is presented. Last, section 3 is the comparison of performance in term of return loss, gain, VSWR between single and MIMO antenna.
METHOD Single Element
The model of a microstrip antenna with Tjunction as voltage divider is shown in Fig 
Two Elements of Antenna
The design of MIMO antenna with two elements is presented in Fig. 2 . The distance between patches is determined by 5 mm.
Four Elements of Antenna
The proposed antenna is shown in Fig. 3 . It consists of 4 ports microstrip feed line and four elements of MIMO antenna.
Microstrip feed line is placed on the bottom side of the substrate with 50 ohm impedance. A full ground plane is used. Table 1 shows the dimension of the single element. 
RESULTS AND DISCUSSION
Single Element Fig. 4 shows the simulated reflection coefficient S11 of a single element at 28 GHz. It provides -46 dB at 28.015 GHz. It has approximately 1.91 GHz of bandwidth obtained. Fig. 5 presents the radiation pattern and 3D surface current. As shown in Fig. 5(a) , this antenna has a linear directional pattern with 6.76 dBi of gain. Fig. 5(b) shows the current distribution of the antenna, most of the currents flow is concentrated around the arm and on the feeder of this antenna. 
Two Elements of Antenna
The MIMO antenna design will evaluate the effect of increasing the number of elements with the antenna's performance. The MIMO antenna design with two and four elements are created by using a single element of the antenna and use the same dimension as Fig. 1 .
As shown in Fig. 7 , the simulated reflection coefficient increased to -41 dB for two elements antenna compared to the reflection coefficient of a single element. Antenna with two elements has two ports that cause the mutual coupling between ports. From the simulation, the mutual coupling between each port is below -29 dB. The mutual coupling is represented with S-parameter (S12). The bandwidth obtained is 1.82 GHz (6.5%) within 27.08-28.90 GHz. 
Four Elements of Antenna
The simulated S-parameter is illustrated in Fig. 9 . The simulated reflection coefficient of four elements antenna is increased to -32 dB compared to single and two elements antenna. It is observed that the mutual coupling is below -29 dB. The bandwidth of 1.78 GHz (6.35%) within 27.10-28.88 GHz is obtained. Table 2 lists the comparison regarding gain, bandwidth, return loss and VSWR for single, two and four elements antenna. It shows that the highest gain is obtained for the antenna with four elements. However, the highest bandwidth is obtained for a single element antenna. Antenna with four elements has the highest reflection coefficient; this is due to the mutual coupling between each port.
CONCLUSION
The design of four elements MIMO antenna has been proposed for future 5G applications. The working frequency is 27.10 GHz to 28.88 GHz with 1.78 GHz of bandwidth and VSWR is below 1.099. This antenna has the highest gain of 14.8 dBi with an acceptable sidelobe level of -3.6 dB. It is shown that the proposed antenna meets the 5G requirements.
